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(71) Wei, Enoelhaw) Iitostwbs 
Umtthd, a British Compaq of St Nfchoief 
Home, St. Nicholas Road, Simo^ Sunty, 
do batby dedare tbe fawendoo, far which 
we pray that t patent may be granted t 
and tbe method- by which it * to be 
fanned, to be particularly detcribed in 
by the following statement: ; ;~- t 

This invention relates to a method of 
paring a soft-solderel coated electrically corir 
ouctive wire, strip or tape. . 

In the manufacture and assembly of elec- 
tronic and electrical devices* sod* as resistors 
and printed circuit* it b freMndy desir- 
able td use conductor wires which are pro- 
vided with a surface 
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point colder aHoy. ^ m A aahter fafltoy of ^4 Apold 
lead and tin. For example, ft ts ctmomary gay process 



lead a^ tin and wi* anixte of a fatd-tin 
alloy of . , the same composition as that rt- 
quired to form the coating, on the conductive 
member. When it is desired to alter the com- 
position of the lead-tin aHoy coating, it was 
ioosty necessary /to change the electro- 
and the anodp, socb changes necessitating 
stoppage of the comiminus 
electroplating cqwpment for a considerable 
period of time. V'-" 

NatmaHy, it is desired that the soft-solder 
coated wire is itadily solderable not only 
immediately after coatmg, but also after stor- 
age subsequent to coating, which storage may 
be far a relatively long period of time. It is 
equally important that the soldcraHHty of the 



50 



55 



60 



20 



25 



30 



35 



40 



45 



Ur &dndl itaassra to ; bet provided with 
soft-soldered coated currect lea^-owt wires , 
so that, when die electrical resistor. is mcor-, 
porated in ah electrical 'electroaic d 
effecting electrical connection using soft-solder 
is facilitated by the coating ; abeady present: 
6i the currint lead-cut wbe. 

Hitherto* soft-solder coated wires have been" 
produced by one of two processes. In an early 
method the conductor wire, for example a 
p ure copp er^gjffi. b; coated ;with "a^Iayer^cf- 
Scad-tin alloy by passing the wire through ft 
bath of the molten lead-tin aHoy, This pro- 
cess is wit entirely satisfactory smce mmi> 
-Jce it has Wen f cwnd difl^t io m 
a continuous surface coating of uniform thick- 
ness and soldering behaviour on tbe : wfct^ 
In a more recent and more satisfactory pro- 
cess, die lead-tin aHoy is applied to the con- 
ductor wire by a continuous d^ih>d e pos iti o a 
method using an electrolyte comprising an 
aqueous solution containing lead and tin fiuo- 
borates and using anodes made of a lead-tin 
alloy. In the dectrodepbsatura process used 
Mthertofor, the tank in which the electro- 
deposition of the lead-tin alloy spider coating 
is carried out is provided with an electrolyte 
cwrtalnin* suitable soluble compounds of both 

[Price Ss. Od. (25 p)] 



tore of any comjjoddK m which it forms part, 
anoe bthcrwisf tte -subsequoit iwrorporation 
of ibt cb mp ood it into a circuit by soldering 
would be rendaed difficult. An example of 
sudi -;i process is the manufacture of elec- 
trical resistors, during whkh process the re- 
sistor and the soft-solder coated current lead- 
out wire must normally be exposed to com- 
parativdhr high ^fplhperatures, of tbe order of 
220°Q for relativBy loiig periods. Experience 
has shown that the solderfcoility of soft-solder 
bwtrf-leiul-^ aqposed to such a treat- 
ment . ft : impaired; 

In accordance with the? present invention, 
it has been found that it is not necessary for 
a soft-solder coating to be deposited on tbe 
sorfoce of a conductor in the form of an 
alloy or intimate mixture and that good solder- 
ing diaracteristics are <*tained if the coating 
is applied in separate distinct layers. The 
main advantage <tf the method of the inven- 
tion is the ease with which soft-solder coating? 
of different compositions may be obtained, 
ahhoog^ it has been found that in some cases 
a teajtin coated copper conductor wire is 
more rts tonce to deteaiOTation as a result 
of g^phaiflc tA heat ti the lead-tin diriltftty ir 
applied in tsyfr layer^ the first, being o f lead^ 
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being in direct contact with the 

lieved that this improvement u due to the 
fact that the layer of lead acta as a diffusion 
5 banter between tbe copper anH the on during 
expusuie" to tear, thereby preventing the 
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foraurien of ,an i itexmet alitc ojmprand be- 
tween the copper and the cn. A coatedTwire 
having sn outermost layer formed of tin is 
superior to one prepared by either of the 
prior art p rocesses smee theroKrted wire has 
a much higher corrosion resistance . than a 
conventional coated wire, tbe corrosion resist- 
ance of tin being higher of that of dther 
lead or of a kad-tfc alloy, - Ascdirdin^y, such 
coated wires art sach kss prone to surface 
deterioration in songe ; thaa conventional 
solder-coated wire. ^-;.V.. : J 

Hence, in accordance with the present in- 
vention these is provided a method of prepar- 
ing a soft-solder coated ekrtricaUy conductive 
wire, strip or cape, which comprises sucee*-.; 
sivdy ekctrodeposfchg onto the surface of 
the wire; strip or,tftp^ : ^;le^:^lqw v 'dE 
kad or a mixture of ;U : major amount of 
lead and a minor amount """of tm£ and at fcast 
one layer of tin or mixture of a major amount 
of tin and a minor amount of touL ; 

Advantageously thert is successively elcc- 
trodeposited onto the surface of the wire* 
strip or tape at least ooe layer - of kad and 
at least w.1^:bL:^f^%f^\ 

Tlie invention also provides an electrical 
component having as its ckctriad connections, 
soft-solder coated, wire, bidp &t*pt. prepared 
by the method deiscribed above, e^. a resistor 
having as its kad wires aoft-solded coated 
wire prepared by the method described above. 

The invention further |m)v^.tix method 
of Joining electrical components Tto^tter by 
the application of moJrrn ^HKiblerr^iereiio, 
wherein there is used at least one component 
which is, or which is provided ^ w^^sofe 
solder coated wire, strip or tape prepared by 
the method described -dbc^^^^^C^. 

In accordance with the method of the in- 
vention, the coating applied to the wire, strip' 
or tape is preferably a r kad-t^; ;^6atizig with 
a layer of kad adjacent to • the! jsirt, strip 
or tape. Such a lead-tin coated; wire, strip 
or tape may be more resistant to deteriora- 
tion as a result of exposure to heat, and also 
may be more resistance to deterioration dur- 
ing storage, than any similar wire^ strip or 
tape availabk hitherto. ^ . ^ > 

As previously indicated, control of the com- 
position of the coating is not easy in the 
known electrodeposition method, since h 
is effected by a; &nn^^s ot;' -^ttcn^: 
amongst which are,, for example, eiec- 
trolyte composition, anode composition, tem- 
perature and current density. However, in. the 
method of the present invention, the com- 
position of the total coating may be readily 
controlled by, for example, simple adjustment 
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the-t^tiveamounrtrffcada^ 
electrodepoated onto the wire, strip or tape. 

In practice, the wire, strip or tape to be 
coated by the method of the present inven- 70 
don b passed through a series of tanks which 
include those :;.far. the preliminary deaning and 
rinsing operatic folkwed by those con- 
taining tbe el e ctr olyte and finally those for 
the final rinsing operations. 75 

In the method, of the present . invention, 
the wire, strip or tape is first passed through 
cleaning and rinsing tanks as m the conven- 
tional ekctrodeposidoQ method, and is then 
passed ' through a first dectro-plating tank 80 ' 
having anodes of pure Jead ana containing 
an electrolyte of a sdtabfe kad compound, 
and tteongh a second electro-plating \ tank 
having anodes of pure; tin and containing an 
electrolyte of a suitable tin compound. The 85 
wire, strip or tape is thea passed through the 
final rinsing tank, as in the conventional dec- 
trodeposition process. Tbe amount of current 
supplied to each tank is separately controlled 
aad;it is there fo r e possible to control the 
relative amounts of , both kad and tin dectro- 
deposited* Hence the overall composition of 
tbe lead-tin coating can be controlled whilst 
the cJectrodeposmon equipment is being used. 
It is the main advantage p{ the method cf 95 
the present invention that the co mp os i tion of 
die soft-solder cx>atii^ may be altered at will 
by merely adjusting the electrical current sup- 
plied to each of the tanks, whhour stopping 
the process ,tof change dther die electrolyte 100 
or the anodes. 

In accordance with the invention, it is pos- 
sible to ekctrodepostt onto the surface of 
the electrically conductive wire, strip or: tape 
Urns of a mixture of a major amount of tin 
and a minor amount of kad. and layers of 
a major amount of kad and a minor amount 
of tin- Tims, for etompk, a first kyer of 
lead-tin could be formed using an dectroiytc 
containing a lead compound and a minor 
amount of a- tin comfwund, and a second 
layer could be formed on the first layer using 
an ekctrdyte containing a tin compound and 
a minor amount of a kad OMnpwnd; 

After denosi^py the $older coating onto 1 15 
the wvz> strip or tape the wire, strip or tape 
can, be sub jecte d ff^S^ggMg^jgoccss to 
improve the "»HS^3Ity I ffi^^flfc improve- 



depending up 
ingwocess used. ' yv 'i, ~ 120 

Whilst the method of the present invention 
is particularly advantageous for the 
tioo of , lead-tin coatings on copper and copper 
alloy ^wires, by virtue^ of the freedom from 
formation of undesirable tin-copper com- 125 
pounds when the lead layer is adjacent to the 
copper, the method of the present invention 
possesses ^ advantages in the case of other base 
metal wires required to have lead-tin coat- 
ings. The advantages of greater resistance to 130 



105 



110 




corrosion, easy control erf the compositions inches (4.06 fiY and had a 

of tbe soft-sskle?-^ 
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the simplicity ud ch capnea of the method 
whereby tbe composition of the arft-«jider 
coating may be cbaoged tre applicable what- 
ever the base metal upon which - the coating 
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The following F?ampics Si 
method of tbe p^ c se i it invention. 



1 



length of copper wire, (XWi 
was ete c tropfatc ed in * 
plating plant by effecting, tbe following 
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cleaning' in a. phosphate* 
aoneons * - deaning 
g 7 g/1 of NtOH, 14 
g/1 of Na,CO, and 7 g/1 of Na,P0 4 , 
1-2 Rinsing in water, 

13 PkkHng m 25% aqueous fluoboric acid 

1.4 Rinsing water, . 

13 Electroplatings at a cuiient density of 
420 ainpf ie» per square foot, using a 
mixed lead-tin fluoc borate electrolyte 
aoiution containing 200 g/1 of VbQSP^, 
50 g/1 of SnCBFJ^ 200 g/1 cf HBF« 
and 12 g/1 of resordnot, and; anodes of 
t lead-tin aHoy containing 30% by weight 
of tin, to give a kad-tin aHoy coating on 
the wire, and 

\£ R»t£ing in W8tw\ 
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were controlled dining the 
ting in such a way that the thick- 
the kad-tin alloy coating was 0.000160 



fgnaffd Sample A: 
A second length of coper wire, 0.032 inches 40 
in diameter, was ekctxotyicaHy cleaned and 
then ptckkd, aa in steps 1.1, 1.2, 13 and 
L4 above, and w*$ thai coital with * Uytr 
of pure tod follower by a layer of pure tin, 
by passing die wire through a first ckctro- 45 
ptarmg tank having pure kod anodes and 
ccntwmng an electrolyte comprising 200 g/1 
of Pb^BFJt, 200 g/1 of HBF« and 12 g/1 of 
resorcmoi, at a current density of 300 amperes 
peri yare fo oy^ 50 
tank barring pure tin anodes end containing' 
an dectrohtt ompiWng 200 g/1 ;*f SgJBPJ* 
150 g/1 of E8F« and 12 g/1 of resordnol, at 
a anient density of 400 amperes per square 
foot. Step 1.6 was then effected. The eke* 55 
tropianng conditio ns were adjusted so that the 
thickness of the lead coatms was 01000102 
tefces (239 » and die thickness of the tin 
coating was OJ000058 inches QA7 & The 
overall comp o sition of the coasng was 70% 60 
weight of lead and 30% by weight of tin. 
This kngth of wire was designated Sampk 
B. It will be observed that both Samples A 
and B were provided with the same overall 
thickness of kad-tin coating and that the over- 65 
all co mp os i t io n was in both cases 7C% by 
weight of knd ahd 30% by weight of tin. 

Both n mpks w ere subjected t o awing treat- 
iryffls at etewted t'lffpetatures a5d were ?h?n 
tested for sotdcrabiHty by die proced ur e laid 70 
down in British Stcndard Na 2011, 1966, 
Part 2T, Method 3 and the results are shown 
in the following table: 
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Ageing Ageing Time SoklermgTime 
Sample Tempentnre (°Q (hewn) (seconds) 



A 
B 



A 
B 



A 
B 



A 
B 



A 
B 



A 
B 



165 
165 



180 
180 



200 
200 



225 
225 



200 



200 
200 



5.0 
5.0 



3D 
3.0 



U 
1.5 



1.25 
125 



lJO 
1.0 



2.0 
2.0 



12 
0.4 



1.7 
0.5 



13 
0.6 



IS 
0.7 



0.6 
0.5 



12 
0.6 
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by? the 
* showed a 



esse Sample IV whkh *m : ; 
method or the pt 
Aorta soldering time than Sample A, which 
was piepared by a conitntiocal electrolytic 
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variations si 



• * 




coating may toe chained ) ixr aa*rdaiK* with 
th^mventiosL • , ■ v . -.v ■ ' 

: The p roce dur e described in Eiam?ie .1 far 
tpplyinz a first layer ^.la^^iaiiibM 

ryer or tin to the copjw^wirtj^^tt^sffl 
whh . three different •. kn^tha tif- rcnp^erj Wu 
the fbflowmg ektuoptsttTvy conrtiti ~ 
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'"dift.ainjpiv-.v;:; 
coftent density : . : 45. ■ ampwlmi* 
speed of wire ^^l^|ni/a^ 

Formation of tayff^of^ttoV> : -/, r; ' ; " ; ' 
current ^ SM>ian^fcv r 

current density r 10 amps/dm* 

speed of wire . 3000 m/fa 



The overall cump oa i tioD of f the: lead-titt 
coating thua formed was 95% :.i*jr|?wgfct,«f ■ 
lead and 5% by weight mtifelttfcyer of 
lead tad a thickness of Oi»015 tncto (17 
and the layer of m~>h&' *itijkknas ct 
O000012 

(b) Formation of. by« ^ 3^:M^v: :: 
.current ■ -■' .^^.r^jupa^i.';. 

c urr e nt density ;:-^3i^^/d||i : i: . ^ 
«cd of wire C rt20^/b6ar . 
FOTnation of ;%tt^of ^i^vv;' i- 
• curr e nt ."■ -\ :: -?^r J3t-;ajj^^iir : " 
current •dckn^;T-5^4ft ; ia^*/<btf ;-*••: - 
specdrf.^:^^^ 



The overall composition of - die kad-nn 
Eng-tfana formed was 70% by weight Of 
lead and 30% by weight of tin. The layer 
of kad had a tbkiness of 0^)00087 Mt» 
(22 /i) and the layer . of tin had a drickness 
of 0.000071 inches (1.8 ». i 
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of layer of kad: 
curr ent 2.0 ampa 

current density 13^ aii^)s/dm* 
«ed of wire 120 m/bour 
ronnatioh of layer tin: 
current 80 amps 

current density 100 amps/dm 
speed of wire 3000 m/hour 



The overall composition of the lead-tin 
coating thus formed was 40% by weight of 



kadhadathidmessof 0.000035 inches (0.9/.) 
and the layer of tin had a thickness of 0.00012 

It can be seen dat^variatians in the com- 
poatkmsr of the; .coating can- be readily (d>- 
taincd by caipfc^ of the 



j WHAT W CLAIM IS:— 

h A: method bf;^ preparing a soft-sokler 
coated dectrkally • ooodoctive wire, strip ■ or 
tapef - wfiftdi . oamprtseav - successrvety eiectro- 
dqposittn^ oct^ the fiurfsoe of the wire, scrip 
or tape at kast ooe layer of kad or a mixture 
of a major amount of, kad "and a minor 
anw&^tin, uid bi k*st ooc oi tin 
« mixture of a major amount of tin and 
ft ffiiftA& \ ^m^n of kad* ^ 
" . 2, A • method of. preparing ; a ; soft-solder 
coated ekctricaHy ccmJaktive wire* strip or 
tape, which comprises sttooesawdy electrode* 
positing onto the surface of the wire^ strip 
or tape at kast one layer of lead and at least 
one 'layer, of tin. 

. 3. A method according to data 2, in which 
a layer of kad is e kctn x k poslted onto the 
surface of the wire, strip or ape and a 
laye? of tin is ekctroderosited onto the sur- 
face of the layer of kad. 
. 4; A method according to any one of the 
preoeamg cuuns, m wtacn toe wire ts copper 



5. A method in accordance with claim 2 
f or tte prepsration of a soft-solder coated 
wire, substantially as described in the •- foe* 
going Example 1 or Example 2. 

6. A soft-sokkr coated wire, strip or tape 
whenever prepared by the method claimed in 
iiiy one of . the preceding claims . 

7. An ekctrictl . component having, as its 
electrical conn ections,' soft-solder coated wire, 
strip or tape as claimed in claim 6. 

8. A resistor having, as its kad wires, soft* 
solder coated wire as daimed in daim 6. 

9. The method of joining electrical com- 
ponents together by the application of molten 
soft-solder th er e to, wh er ein there is used at 
kast one component which is, or which is 
provided with, a soft-solder coated wire, strip 
cr tape as claimed in daim 6. 

10. A method acconiing to claim 9, where- 
in there is used at least one electrical com- 
ponent which is a resistor as claimed in claim 
8. 

HASELTINE, LAKE & CO., 
Chartered Patent Agents, 
28, Southampton Buildings, 
Chancery Lane, 
London, W.C2A 1 AT. 
Agents for the Applicants. 
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